Adult stem cells support tissue homeostasis and repair throughout the life of an individual. During ageing, numerous intrinsic and extrinsic changes occur that result in altered stem-cell behaviour and reduced tissue maintenance and regeneration. In the Drosophila testis, ageing results in a marked decrease in the self-renewal factor Unpaired (Upd), leading to a concomitant loss of germline stem cells. Here we demonstrate that IGF-II messenger RNA binding protein (Imp) counteracts endogenous small interfering RNAs to stabilize upd (also known as os) RNA. However, similar to upd, Imp expression decreases in the hub cells of older males, which is due to the targeting of Imp by the heterochronic microRNA let-7. In the absence of Imp, upd mRNA therefore becomes unprotected and susceptible to degradation. Understanding the mechanistic basis for ageing-related changes in stem-cell behaviour will lead to the development of strategies to treat age-onset diseases and facilitate stem-cell-based therapies in older individuals.
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Adult stem cells support tissue homeostasis and repair throughout the life of an individual. During ageing, numerous intrinsic and extrinsic changes occur that result in altered stem-cell behaviour and reduced tissue maintenance and regeneration. In the Drosophila testis, ageing results in a marked decrease in the self-renewal factor Unpaired (Upd), leading to a concomitant loss of germline stem cells. Here we demonstrate that IGF-II messenger RNA binding protein (Imp) counteracts endogenous small interfering RNAs to stabilize upd (also known as os) RNA. However, similar to upd, Imp expression decreases in the hub cells of older males, which is due to the targeting of Imp by the heterochronic microRNA let-7. In the absence of Imp, upd mRNA therefore becomes unprotected and susceptible to degradation. Understanding the mechanistic basis for ageing-related changes in stem-cell behaviour will lead to the development of strategies to treat age-onset diseases and facilitate stem-cell-based therapies in older individuals.
Many stem cells lose the capacity for self-renewal when removed from their local microenvironment (or niche), indicating that the niche has a major role in controlling stem-cell fate 1 . Changes to the local and systemic environments occur with age that result in altered stem-cell behaviour and reduced tissue maintenance and regeneration 2, 3 . The stem-cell niche in the Drosophila testis is located at the apical tip, where both germline stem cells (GSCs) and somatic cyst stem cells are in direct contact with hub cells ( Fig. 1a ; reviewed in ref. 4 ). Hub cells express the self-renewal factor Upd, which activates the JAK-STAT signalling pathway to regulate the behaviour of adjacent stem cells [5] [6] [7] . Ageing results in a progressive and significant decrease in the levels of upd in hub cells (Fig. 1b) . However, constitutive expression of upd in hub cells was sufficient to block the age-related loss of GSCs 5 , suggesting that mechanisms might be in place to regulate upd and maintain an active stem-cell niche.
To identify potential regulators of upd, we screened a collection of transgenic flies carrying green fluorescent protein (GFP)-tagged proteins for expression in hub cells 6 . The Drosophila homologue of Imp protein is expressed throughout the testis tip in young flies ( Fig. 1c and Supplementary Fig. 2a ) 7 ; however, antibody staining revealed a decrease (,50%) in Imp expression in the hub cells of aged males ( Fig. 1d and Supplementary Fig. 2b ). Imp is a member of a conserved family of RNA-binding proteins that regulate RNA stability, translation and localization 8 . Given the similarity in the ageing-related decline in Imp protein and upd mRNA in hub cells, we proposed that Imp could be a new regulator of upd.
Imp acts upstream to regulate upd mRNA
To address whether Imp acts in hub cells to regulate upd, we used the bipartite GAL4-UAS system 9 in combination with RNA-mediated interference (RNAi) to reduce Imp expression exclusively in hub cells. Fluorescence in situ hybridization (FISH) to detect upd mRNA was used in combination with immunofluorescence microscopy to determine whether the loss of Imp expression affects upd levels. The loss of Imp specifically in hub cells resulted in reduced expression of upd (Fig. 1e , f (bottom), and Supplementary Fig. 2c, d) , as well as a significant reduction in GSCs and hub cells (Fig. 1h , i, k and Supplementary Fig. 2e ), when compared with controls. Consistent with a reduction in JAK-STAT signalling, decreased accumulation of STAT was observed when Imp levels were reduced by RNAi in hub cells ( Supplementary Fig. 2f-h ).
RNA-binding proteins characteristically target several RNAs; therefore, we wanted to determine whether upd is a physiologically relevant target of Imp. Expression of upd together with an Imp RNAi construct was sufficient to completely rescue the defects caused by reduced Imp expression in hub cells (Fig. 1e-k and Supplementary  Fig. 2e ), suggesting that Upd acts downstream of Imp to maintain GSCs and niche integrity. Importantly, the constitutive expression of upd alone in hub cells did not lead to an increase in GSCs in testes from 1-day-old males (w, upd-GAL4; 8.3 6 0.7 (mean 6 95% confidence interval), n 5 21, and upd-GAL4; UAS-upd,TM2; 8.3 6 0.8, n 5 32). These data suggest that Imp acts in hub cells to promote niche integrity and GSC maintenance, at least in part, by positively regulating upd.
If Imp acts in hub cells in adult testes to regulate upd mRNA, we speculated that the loss of Imp function during development might lead to a decrease in upd and a subsequent reduction in GSCs. Null mutations in Imp result in lethality at the pharate adult stage; therefore, we examined testes from third instar larvae (L3) carrying Imp null alleles, Imp 7 and Imp 8 (ref. 10). Deletion of the Imp locus was verified by PCR of genomic DNA ( Supplementary Fig. 3a) . Combined immunofluorescence and FISH showed that although Fas3 1 hub cells were easily detected, the expression of upd was significantly reduced: 24% of Imp 7 mutants (n 5 67) and 15% of Imp 8 mutants (n 5 41) had no detectable upd at this stage (Fig. 1l, m) . In addition, the average number of GSCs and hub cells in testes from Imp mutants was significantly reduced when compared with control L3 testes (Fig. 1o -p, r and Supplementary Fig. 3c-e) . Notably, the re-expression of Imp in somatic niche cells was sufficient to rescue upd expression in Imp mutants to comparable levels to controls (Fig. 1l-n) , and the reduction in the average number of GSCs and hub cells in Imp mutants was also reversed (Fig. 1o -q, r and Supplementary Fig. 3c-e) .
Imp binds to upd in vivo and in vitro
Imp family members contain conserved KH domains that mediate direct binding to RNA targets. To determine whether Imp could associate directly with upd mRNA in vivo, testes were dissected from young flies expressing GFP-tagged Imp ( Supplementary Fig. 2a ) 6 . Immunoprecipitation of Imp with anti-GFP antibodies, followed by quantitative reverse transcriptase PCR (qRT-PCR) analysis, showed a significant enrichment (,208-fold) of associated upd mRNA relative to control antibodies (Fig. 2a) . Minimal enrichment for the ubiquitously expressed RNAs rp49 (also known as RpL32; ,4-fold) and GapDH (also known as Gapdh1; ,8 fold) or for the negative control med23 (,4-fold; see Methods), was observed after Imp immunoprecipitation, indicating that the interaction between Imp and upd mRNA in hub cells is specific (Fig. 2a) . Consistent with these observations, Imp protein and upd RNA co-localized in hub cells within perinuclear foci, probably ribonucleoprotein particles (Supplementary Fig. 4a ).
An in vitro protein-RNA binding assay 11 showed that Imp associates with the upd 39 untranslated region (UTR), specifically the first 250 base pairs (region 1), as no substantial binding to other portions of the upd 39UTR was detected (Fig. 2b) . Moreover, Imp did not bind the 59 untranslated or coding regions of upd or to the med23 39UTR (Fig. 2b) . Notably, a putative consensus binding sequence CAUH (in which H denotes A, U or C) for the mammalian IMP homologues (IGF2BP1-3) 12 occurs 22 times within the upd 39UTR, including a cluster of four tandem repeats within the first 35 nucleotides of region 1 (Fig. 2c) . To test whether this motif mediates binding between Imp and upd, we removed the first 33 nucleotides to generate a sequence excluding the CAUH repeats, which resulted in a reduction in binding (Fig. 2c , compare domain 1 with domain 2). Point mutations in the third nucleotide of each motif (U 5 G) did not abolish the binding (Fig. 2c, domain 1*) ; however, point mutations in the consensus motif of MRPL9 RNA, a target of mammalian IGF2BPs, also did not abolish binding 12 , suggesting that secondary structures probably mediate the association between IGFBP family members and their target RNAs. Altogether, our data identify the first 33 base pairs of the upd 39UTR as a putative target sequence for Imp, and support our observations that Imp associates specifically with upd in vivo (Fig. 2a, c) .
To gain further insight into the mechanism by which Imp regulates upd, a GFP reporter was constructed that contained the 39UTR from either upd or med23 (Fig. 2d) . Transcript levels for gfp were fivefold higher in Drosophila Schneider (S2) cells that co-expressed Imp with the gfp-upd-39UTR reporter than in cells that co-expressed Imp with the gfp-med23-39UTR reporter (Fig. 2d) . The significant increase in reporter mRNA levels indicates that it is likely that Imp regulates upd mRNA stability.
Imp counters targeting of upd by endo-siRNAs
RNA-binding proteins, including mammalian IGF2BP1 (refs 13, 14) , have been shown to counter microRNA (miRNA)-mediated targeting of mRNAs. However, no consensus miRNA seeds were located within the first 34 base pairs of domain 1 of the upd 39UTR (Fig. 2c) . We speculated that if Imp binding blocks small RNA-mediated degradation of upd, polyadenylated, cleaved upd degradation intermediates would be detected in the testes of older males, when Imp expression in hub cells is reduced (Fig. 1d) . Using a modified rapid amplification of complementary DNA ends (RACE) technique we identified a specific cleavage product starting at nucleotide 33 of the upd 39UTR in the testes of 30-day-old flies ( Fig. 2e ), but not in RNA extracts from the testes of 1-day-old males. Importantly, the same degradation product of upd was also detected in the testes of young flies when Imp was specifically depleted from hub cells using RNAi-mediated knockdown. As a positive control, we detected the esi-2-mediated cleavage product of mus308 (ref. 15) in testes from both 1-and 30-day-old flies.
To test whether small RNAs might mediate upd cleavage, we cloned and deep-sequenced small RNA libraries generated from the testes of 1-and 30-day-old flies. Although no small RNAs with exact pairing to the upd degradation product were identified, two short interfering RNAs (siRNAs; termed siRNA1 and siRNA2) with high sequence complementarity to the predicted target site in the upd 39UTR were present in the testis library generated from 30-day-old males ( Fig. 2e and Supplementary Table 1 ). Using qRT-PCR for mature small RNAs, we found that the siRNA2 levels in the testes, relative to the levels of the control small RNAs bantam and mir-184, were similar in young and old males (deep sequencing analysis demonstrated that expression of these two control miRNAs did not change with age). The source of siRNA2 is the gypsy5 transposon, which is inserted at several loci throughout the fly genome and is conserved in numerous Drosophila species.
To gain further insight into the mechanism by which Imp and siRNA2 regulate upd, we investigated the levels of the upd GFP (red, hub). Note reduced Imp levels in hub cells of aged males (dotted lines, bottom panels) compared with a modest reduction in GSCs (arrowheads, top panels). e-j, Overexpression (OE) of upd suppresses the loss of GSCs owing to the loss of Imp. Staining for Imp (green) to confirm knockdown (e-g) or for the germline marker Vasa (green) (h-j). White dots in h-j denote GSCs. Genotypes: control, w 2 ,upd-GAL4,UAS-gfp outcrossed to w
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; Imp(RNAi), w 2 ,upd-GAL4,UAS-gfp;UAS-Imp(RNAi); Imp(RNAi);upd(OE), w 2 ,upd-GAL4,UAS-gfp;UAS-Imp(RNAi);UAS-upd,TM2. k, GSC distribution as in h-j. l-q, L3 male gonads stained for Fas3 (green) and upd (red) (l-n) or Fas3 (red) and Vasa (green) (o-q). Nuclei in l-n were counterstained blue with 49,6-diamidino-2-phenylindole (DAPI). White dots in o-q denote GSCs. Genotypes: control, EP(X)760; Imp . r, GSC distribution as in o-q. The mean 6 95% confidence interval are shown in k and r. *P , 0.01 compared with controls (Student's t-test). Scale bars, 10 mm.
reporter (gfp-upd-39UTR) in the presence or absence of Imp and siRNA2 in S2 cells. To generate a reporter that should not be susceptible to siRNA-mediated degradation, we mutated the cleavage site in the upd 39UTR that was identified by RACE ( 32 AUU 5 CGG; gfp-upd-39UTR mut ). Cells were transfected with either of the GFP reporter constructs, with or without haemagglutinin-tagged Imp (Imp-HA), and subsequently transfected with siRNA2; gfp expression was quantified by qRT-PCR.
The co-expression of siRNA2 and the gfp-upd-39UTR reporter resulted in a significant decrease in gfp transcript levels (Fig. 2f) . Conversely, the co-expression of Imp blocked siRNA2-mediated reduction of gfp mRNA such that gfp levels were higher than in control cells (Fig. 2f) . Furthermore, mutation of the putative cleavage site rendered the upd 39UTR resistant to siRNA2-mediated degradation (Fig. 2f) . These data, in combination with the in vitro binding data, suggest that Imp binds to and protects the upd 39UTR from endogenous and exogenous siRNA2 in S2 cells. Thus, endo-siRNA2 is a bona fide candidate that could direct upd degradation when Imp is absent or its levels are reduced, although targeting by other small RNAs cannot be excluded.
In Drosophila, Argonaute-1 (AGO1) is the principle acceptor of miRNAs and primarily regulates targets in a cleavage-independent mode, whereas AGO2 is preferentially loaded with siRNAs and typically regulates targets by mRNA cleavage 16 (reviewed in refs 17, 18). AGO2 expression was detected throughout the tip of the testis, as verified by immunostaining of testes from transgenic flies expressing 33Flag-HA-tagged AGO2 (ref. 15 ; Fig. 3a, b) . To test whether AGO2 binds to upd mRNA in vivo, thereby potentially regulating upd levels directly, testes were dissected from aged (30-day-old) 33Flag-HA-AGO2 males. Immunoprecipitation of AGO2, followed by qRT-PCR, showed significant enrichment (,102-fold) of upd mRNA bound to AGO2 (Fig. 3c) . Negligible binding of a negative control, rp49, to AGO2 was detected, suggesting specific association of AGO2 with upd mRNA in vivo and supporting our previous findings that upd is probably targeted by the siRNA pathway (Fig. 3c) .
To test whether Imp can impede the binding of AGO2 to the upd 39UTR, S2 cells stably expressing Flag-tagged AGO2 (ref. 19) were transfected with the gfp-upd-39UTR reporter. Consistent with our previous observations, transcript levels of gfp-upd-39UTR increased ,18-fold when Imp was co-expressed ( Fig. 2d and Supplementary  Fig. 5b ). Despite increases in the overall levels of gfp mRNA, the presence of Imp markedly reduced the association of AGO2 with the upd 39UTR (Fig. 3d) , indicating that Imp antagonizes the ability of AGO2 to bind the upd 39UTR. 
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Similar to the AGO family, Drosophila encodes two Dicer proteins that seem to have distinct roles in small RNA biogenesis. Dicer-1 (Dcr-1) is essential for the generation of miRNAs, and Dcr-2 is required for siRNA production from exogenous and endogenous sources 16 (reviewed in refs 17, 18). If siRNAs were involved in upd degradation in older males, we predicted that the loss of Dcr-2 would suppress the ageing-related decline in upd and GSCs. Consistent with a role for Dcr-2 in the generation of siRNAs, siRNA2 levels were significantly reduced in Dcr-2 homozygous mutants relative to heterozygous controls (Fig. 3e) . Testes from 30-and 45-day-old Dcr-2 mutant flies showed increased levels of upd by qRT-PCR when compared with controls. Whereas a ,90% reduction of upd is observed in the testes from aged Dcr-2 heterozygous controls, we observed only a ,45% reduction in upd in testes from age-matched, Dcr-2 homozygous mutants (Fig. 3f) , indicating that upd levels are higher when Dcr-2 function is compromised. Furthermore, the testes from aged Dcr-2 mutants contained more GSCs, on average, when compared with controls ( Supplementary Fig. 5c-h) . Conversely, the forced expression of Dcr-2 in hub cells resulted in a reduction in the average number of GSCs ( Supplementary Fig. 5i-j, l ) and led to a significant reduction in upd levels, as detected using qRT-PCR and combined immunofluorescence and FISH, which seemed to be specific, as no significant change in Imp transcript levels was observed ( Fig. 3g and Supplementary Fig. 5m, n) . Expression of Imp in combination with Dcr-2 resulted in a significant increase in upd levels (Fig. 3g) , with a concomitant increase in the average number of GSCs ( Supplementary Fig. 5i-l) . These observations indicate that Imp can counter the decrease in upd levels resulting from forced Dcr-2 expression, providing further evidence that Imp protects upd from targeted degradation by the siRNA pathway.
let-7 targets Imp in the Drosophila testis
Our data suggest that Imp has a role in stabilizing upd in hub cells; therefore, the ageing-related decline in Imp would be a major contributing factor to the decrease in upd mRNA in the hub cells of aged males. To investigate the mechanism that leads to the decline in Imp expression with age, we examined the Imp 39UTR for potential instability elements. Within the first 160 base pairs there is a canonical seed sequence for the heterochronic miRNA let-7 (Fig. 4a) .
Expression of a reporter gene under the control of the let-7 promoter showed that let-7 expression increases in hub cells of ageing males (Fig. 4b, c) , which was confirmed by let-7 FISH of testes from aged males ( Supplementary Fig. 6a-d) . In addition, mature let-7 miRNA was enriched twofold in the testes from 30-day-old flies, relative to 1-day-old males (Fig. 4d) . Therefore, an age-related increase in let-7 is one mechanism by which Imp expression could be regulated in an ageing-dependent manner in testes from older males.
Consistent with these observations, the forced expression of let-7 specifically in hub cells led to a decrease in Imp (Fig. 4e, f, insets) . In addition, let-7 expression in S2 cells reduced the levels of a heterologous gfp-Imp-39UTR
WT reporter. S2 cells were transfected with a let-7 mimic or with negative control miRNA, and gfp expression was quantified by qRT-PCR. There was a 70% reduction in gfp-Imp-39UTR WT expression in the presence of let-7, relative to control miRNA (Fig. 4g) . A gfp-Imp-39UTR mut reporter with mutations in the canonical seed for let-7 (at nucleotide 137) was unaffected by let-7 expression, indicating that mutation of the let-7 seed rendered the RNA resistant to degradation. These data confirm that let-7 can destabilize Imp through sequences in the 39UTR (Fig. 4g) . However, further increasing the levels of let-7 resulted in a decrease in gfp expression from the mutated 39UTR, indicating that other, putative let-7 seeds in the Imp 39UTR can be targeted by let-7 ( Fig. 4g and Supplementary Fig. 6e) .
If the age-related decrease in Imp contributes to a decline in upd and subsequent loss of GSCs, we proposed that re-expression of Imp in hub cells would rescue the ageing-related decrease in upd. Therefore, flies in which Imp was constitutively expressed in hub cells were aged, and upd levels were quantified by qRT-PCR. The expression of an Imp construct containing a truncated 39UTR (Imp-KH-HA) lacking let-7 target sequences specifically in hub cells was sufficient to suppress the ageing-related decline in upd, with concomitant maintenance of GSCs (Fig. 4h, j, k and Supplementary Fig. 6f) , similar to what was observed by re-expressing upd in the hub cells of aged males 5, 33 . Maintenance of Imp-KH-HA expression in aged males was verified by staining with an anti-HA antibody (Fig. 4j, inset) . Conversely, the expression of an Imp construct that is susceptible to degradation by let-7 (Imp T21 ) did not lead to an accumulation of Imp in the testes of 30-and 50-day-old flies, as levels were similar to the levels of endogenous Imp at later time points (Supplementary Fig. 6g ) 20 . L811fsX flies measured in testes from 1-, 30-and 45-day-old males; shown are upd levels relative to levels in 1-day-old Dcr-2 heterozygotes. g, qRT-PCR showing mRNA abundance for Imp and upd relative to controls. Note reduction of upd transcript levels in flies expressing ectopic Dcr-2, which is suppressed by co-expression of Imp. mRNA levels in f and g were normalized to GapDH. Error bars in c-g denote s.d. of triplicate measurements.
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Consequently, the expression of this construct was not sufficient to block the ageing-related decline in GSCs (Fig. 4h, i and Supplementary Fig. 6f ). These data indicate that let-7-mediated regulation of Imp contributes to the decline in Imp protein in older flies, and supports a model in which an ageing-related decline in Imp, mediated by let-7, exposes upd to degradation by siRNAs (Supplementary Fig. 1 ). Thus, both the miRNA and siRNA pathways act upstream to regulate the ageing of the testis stem-cell niche by generating let-7 and siRNA2, which target Imp and upd, respectively.
Drosophila has proven to be a valuable model system for investigating ageing-related changes in stem-cell behaviour 21 . Cell autonomous and extrinsic changes contribute to altered stem-cell activity; thus, determining the mechanisms underlying the ageing-related decline of self-renewal factors, such as the cytokine-like factor Upd, may provide insight into strategies to maintain optimal niche function.
Our data indicate that Imp can regulate gene expression by promoting the stability of selected RNA targets by countering inhibitory small RNAs. Therefore, rescue of the aged niche by Imp expression may be a consequence of effects on Imp targets, in addition to upd, in somatic niche cells. Furthermore, as Imp is expressed in germ cells, it could also act in an autonomous manner to regulate the maintenance of GSCs. The canonical let-7 seed in the Imp 39UTR is conserved in closely related species, and reports have predicted that the let-7 family of miRNAs target mammalian Imp homologues (IGF2BP1-3) 22 . Given the broad role of the let-7 family in ageing 23 , stem cells [24] [25] [26] [27] [28] , cancer 29, 30 and metabolism 31 , the regulation of Imp by let-7 may be an important, conserved mechanism in numerous physiological processes.
Non-coding RNAs can ensure biological robustness and provide a buffer against relatively small fluctuations in a system 32 . However, after a considerable change, a molecular switch is flipped, which allows a biological event to proceed unimpeded. In our model, Imp preserves niche function in young flies until a time at which miRNAs and siRNAs act together to trigger an 'ageing' switch that leads to a definitive decline in upd and, ultimately, in stem-cell maintenance ( Supplementary Fig. 1 ). Therefore, targeting signalling pathways at several levels using RNA-based mechanisms will probably prove to be a prevalent theme to ensure robustness in complex biological systems.
METHODS SUMMARY
Fly stocks and husbandry. Flies were raised at 25 uC on standard cornmealmolasses agar medium. The ageing model was used as described previously 5 . All stocks and genotypes are described in Methods.
Immunofluorescence. Immunofluorescence of whole-mount testes, mean densitometric analysis, and quantification of GSCs and hub cells were performed as described previously 5 . Combined FISH and immunofluorescence. Testes were dissected, fixed in 4% formaldehyde in PBT (diethylpyrocarbonate PBS, 0.1% Tween 20) and incubated overnight at 4 uC with primary antibodies in PBTHR (PBT, 50 mg ml 21 heparin, 250 mg ml 21 tRNA), followed by incubation with secondary antibodies (1:100 in PBTHR) for 2 h at room temperature. After washes, testes were post-fixed in 10% formaldehyde in PBT. For mRNA detection 34 , a upd digoxigenin (DIG)-labelled RNA probe was hybridized overnight at 65 uC in hybridization buffer 5 . To detect upd mRNA, testes were washed with hybridization buffer and PBT and blocked with TNB (0.1 M Tris-HCl, pH 7.5, 0.15 M NaCl, 0.5% blocking reagent; PerkinElmer). Next, testes were incubated with sheep anti-DIG-POD antibody (1:500, Roche) in TNB at 4 uC, and upd was detected with TSA cyanine3 (PerkinElmer). Testes were washed and mounted in DAPI containing Vectashield. RNA-protein co-immunoprecipitation. Magna RIP RNA-binding protein immunoprecipitation kit (Millipore) was used to precipitate GFP-tagged Imp (Imp-GFP) or 33Flag/HA-tagged AGO2 and associated RNA from testes. Testes from ,1,500 males were dissected on dry ice, and homogenized in RNA immunoprecipitation lysis buffer. Each lysate was divided into two samples; one was used for immunoprecipitation with either rabbit anti-GFP (Clontech) or mouse anti-Flag (Sigma) antibodies, and the second was used with control rabbit or mouse IgG according to the manufacturer's instructions. RNA was phenolchloroform precipitated from samples and from input (10% of control immunoprecipitate input before washes). Input RNA was used to establish a standard curve to calculate the percentage of precipitated RNA. cDNA was prepared with random hexamer primers, followed by qRT-PCR with primers described in Methods. ;TM3,kr-GAL4,UAS-gfp (e); let-7(OE), upd-GAL4; UASlet-7 701.12.9 (f). g, let-7 targets a gfp-Imp-39UTR reporter in S2 cells. qRT-PCR for gfp transcript levels relative to control miRNA at the same concentration. Transfection of 50 nM let-7 mimic results in a 70% reduction in the gfp transcript of gfp-Imp-39UTR
WT but not of gfp-Imp-39UTR mut (mutated bases to disrupt let-7 binding are coloured red in a). Higher concentrations of let-7 target the Imp 39UTR through additional sites. h-j, Immunofluorescence of testes from 50-day-old control (h), Imp full-length (i) or Imp with a truncated 39UTR (Imp-KH-HA; j). Genotypes: control, w,upd-GAL4,UAS-gfp outcrossed to w 1118 (h); Imp full-length, w -,upd-GAL4,UAS-gfp;UASImp T21 (i); Imp-KH-HA, w,upd-GAL4;UAS-Imp HA-KH1-3-3 (j). Scale bars, 10 mm. k, qRT-PCR showing relative upd levels in testes from 50-day-old males. Control and Imp-KH-HA genotypes are as in h and j, respectively. Note the 1.5-fold increase in upd levels in aged flies overexpressing the Imp-KH-HA transgene. gfp and upd mRNA expression in g and k are shown relative to controls and normalized to GapDH.
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